Abstract This article summarizes a research topic which discusses one of the most common problems in multiple micro-robots' navigation, namely congestion avoidance. This situation occurs when troops of micro-robots moving in different directions meet each other at a common area causing congestion situations. To avoid this risky statewhich can create an inextricable scenario -firstly, we established a local and a global communication network that manages the robots' displacement through formation control. This warns each of them of the existence of a risk of congestion and manages the choice of the priority group, which is a new concept that we introduce in order to deal with this kind of congestion conflict. Secondly, we consider a new algorithm based on chaotic equations and inspired by the behaviour of schools of fish, which solves the congestion problem by creating a bifurcation of the troop's configuration and enables the proper avoidance of the conflict exhibited by congestion.
Introduction
In recent years, the global study of the navigation of multiple micro-robots has been very productive. Indeed, most of developed control laws, cooperative coordination algorithms and task solving methods have proven to be efficient for fulfilling specific tasks. Usually, these approaches always suffer from restrictive assumptions and constraints which do not allow a relatively wide panel of application and flexibility in the usage of these algorithms.
Many works dealing with multi-agent navigation exist. Some of them directly consider the congestion avoidance problem [1] [2] but most other studies deal with traffic control and collision avoidance [3] [4] [5] [6] [7] [8] [9] [10] . Generally, a collision avoidance algorithm is used on a single robot or a small number of mobile robots where suitable constraints are already fixed by the configuration. However, if we initially consider a dynamic, unstructured and uncertain environment with priorities which deal with the entity and the group priority, any attempts at traffic control may encounter unmanageable tasks that do not match with the role of this approach. Also, the management of the safe displacement of a large number of robots with only a local collision avoidance method may disturb the arrival of all the elements [11] or else create inextricable scenarios and conflict.
Due to the problems and limitations mentioned above, a congestion avoidance algorithm will be very useful when a large number of micro-robots are used. Indeed, there exist some works dealing directly with the congestion problem, for example in [1] the proposed algorithm avoids congestion for groups that move in opposite directions before encountering and changing their behaviours. However, the application of this approach requires a constant velocity for all the troops and also considers only the case when groups face with each other. One interesting study developed in [12] addresses a decentralized flocking problem for micro-robot swarms that controls how they autonomously navigate in an unknown environment in three-dimensional space. In [12] , only fixed obstacles were tested and no specifications about individual robot kinematics were given. In the same vein, in [13] , a theoretical framework for the design and analysis of distributed flocking algorithms was developed. Two cases of flocking in freespace in the presence of multiple obstacles were considered. This technique can be used in some simple congestion situation cases, but it requires huge computational effort in a real time process and does not consider the case of a moving obstacle.
As mentioned above, there are many methods that can be applied to solve the problem of congestion. Among these methods, some of them solved the problem of congestion without avoiding conflict; in other words, the catalyst of the algorithm is the occurrence of the problem itself. Other approaches can solve the congestion problem only for some already structured systems, such as with a car traffic problem. On the other hand, some methods circumvent the problem by using approaches that avoid congestion but which still suffer because of some strict limitations that do not offer the free use of these techniques. Therefore, we propose our own method, which solves the problem of congestion for an unstructured environment by avoiding the tough problem of a congested area while dealing with a minimum of assumptions in order to get a wider panel of application.
Moreover, the proposed algorithm can be perceived as a collision avoidance algorithm for a large robot population. However, it is more appropriate to view this method as an anticipative congestion avoidance approach because it still provides a kind of freedom to use collision avoidance algorithms locally.
Methodology
The concept of our research is based on an anticipative approach in order to develop an algorithm that avoids micro-robot troop congestion situations. If two troops of robots meet with each other, this may result in congestion; in this, a group of micro-robots will be divided into two subgroups depending on the distribution of the multiagents in the space. In other words, by considering certain priorities, one group will receive the right to go ahead in order to reach their target while the other group of microrobots will divide its spatial configurations to make a path that allows the priority group to reach the target without altering its behaviour.
To develop this technique, we built a local system of communication between two groups of micro-robots in order to warn their teammates of the existence of a risk of congestion and also to alert them to change their behaviours so as to avoid this situation. However, before alerting the groups, the priority troop needs to be chosen based on certain criterion, such as: the average group speed, energy consumption and the distance of each group to the target. We define the priority troop based on these criteria. The fastest group, which has already consumed more energy than the other group or else is located a shorter distance from the target, has the highest priority. Thus, an intelligent choice needs to be made to select the priority troop.
As such, the basic idea of the division is developed in considering the means that schools of fish use to avoid attacks by changing their motion behaviours. Figure 1 shows one common form of behaviour of schools of fish, where a predator approaches them. As can be seen, the behaviour of the fish population reacts by surrounding the predator as if a repulsive force is acting between the predator and its entourage. From this, some basic motions of swarms that resemble the motion of a school of fish can be obtained. When these populations are subject to attack by predator, the behaviour of the school changes totally, since a few individual fish will react by avoiding the "collision" with the predator while others have to decide for themselves which flock to consider in order to survive the attack.
By ignoring the consequences of such attacks and considering its spatial configurations, an analogy with congestion avoidance behaviour can be seen and, moreover, such behaviour as inspired from the motion of schools of fish can be applied to micro-robot populations. Thus, by translating the escaping and the flocking behaviours to a robot population, we propose a new algorithm that allows micro-robots to avoid congestion with other troops when they meet each other in a common area. Different groups of non-holonomic mobile micro-robots move along desired trajectories and meet with each other on a common trajectory zone, which we call the potential congestion area. The potential congestion area can be defined not only by that situation where micro-robots face each other, but also where they meet each other at different angles by creating overcrowding situations. First of all, using the control law developed in [14] , we choose our leaders for the purpose of steering their own troops to their target. Figure 2 illustrates an example where two groups of six micro-robots move along a desired trajectory as a whole. In this case, the microrobots encounter each other at an angle α, as defined in the figure.
We also consider the case where the position and orientation of each micro-robot is known using the algorithm proposed in [17] . This method is followed by odometry in order to rapidly position and orientate each micro-robot.
Assume that the micro-robots are differential mobile robots with non-holonomic constraints. Each i th group of the micro-robot leader's posture, denoted by
, is described by a unicycle model, as follows:
where (xi, yi) denotes the i th micro-robot coordinates in the X-Y plane, θi denotes the orientation of the i th micro-robot with respect to an inertial coordination frame, and vi and ωi stand for the linear and angular velocities respectively. Concerning the followers of the lead robot, we denote by
the posture of the j th follower in the i th group, which is also described by a unicycle model, thus:
where (xij, yij) denotes the j th follower coordinates of the i th group in the X-Y plane, θij denotes the orientation of the j th micro-robot of the i th group with respect to an inertial coordination frame, and vij and ωij stand for the linear and angular velocities respectively.
The formation control, which defines the initial states (or Maintenance State) of the troops, is managed by the Separation Bearing Controller, presented in [14] , where each micro-robot i is considered to be a leader who leads a group of micro-robots with a reference separation distance and a desired relative bearing angle.
As it can be seen, our paper is divided into four sections, described as follows: a section on communication, which regroups a local and a global communication network in order to minimize the exchange of data between different groups and different teammates on the potential risk of congestion. Secondly, section on decision-making, which provides the troops with the ability to make choices based on different criteria developed below. Thirdly, a section on bifurcation, which is inspired by the behaviour of schools of fish, which regroup when escaping and flocking. Finally, a section on unification and the reaching of the target, which ensures the arrival of all the troops.
Communication
In order to develop our algorithm, our micro-robots need to communicate with the purpose of reporting their postures and velocities and also warning their teammates of the existence of a potential congestion area. This section is concerned with minimizing the exchange of data among micro-robots as much as possible.
To achieve this, a local and a global communication system was created in order to ensure a proper data sharing that can reduce the quantity of exchanged data, while introducing the concept of confidentiality by keeping some of the data unshared. As such, the local communication system ensures formation through a bifurcation alert and the unification of each group through information shared locally between robots that belong to the same group. In addition, the global communication system ensures the synchronization of congestion avoidance through the information shared between the leaders.
Suppose that there are two groups of micro-robots with a potential risk of congestion. Using the previous control law, only the posture of the leader and its velocities is enough to compute the command of each micro-robot relative to its leader. In order to alert the troop to a congestion risk, the leader will inform them about the danger only if the troop has been chosen, based on the criteria that we develop in the next part, as a non-priority troop. According to this, a set of information Li is defined as
, where pi represents the i th group leader posture and Pti represents a binary element defined as:
Each micro-robot j from the i th group is able to get the data shared through Li. Therefore, by using Li the troop is able to communicate locally but needs also to communicate with other groups.
Thus, the group's communication or global communication is defined in order to exchange data about the micro-robots' spatial configuration, velocities, target position and consumed energy. According to this, a set of data Lgi is defined as:
where:
Lgi: Set of data of the ith group intended for other groups. XfiTarget: Target coordinates of the ith group. Pei: Approximation of the consumed energy. The information about the convex hull of the i th group will decrease the amount of exchanged data since only the micro-robots postures defined on the envelope of the group will be included in Lgi.
Priority group selection criteria
The priority group is defined as the troop which does not change its behaviour when a risk of congestion is detected. In other words, the priority group will follow its path indifferent to the potential risk of congestion that may occur. The main idea behind choosing this group is to respect a kind of equitability in order to be fair while conserving different criteria so as to make this choice. The criteria chosen to make our choice use the exchanged data given by Lgi. Through the exchanged data Lgi that regroups the target coordinates, the leader posture information and the consumed energy, we choose our priority group by computing Pti.
As defined, Pti represents a binary element shared in the local communication network and depending on the returned value of this element the troop will maintain its initial behaviour or else will switch its behaviour so as to avoid congestion. Thus, rather than including Pti as an element shared in the global communication network, we prefer to allow each group to generate the Pti, whether or not it defines a priority group.
In order to do this, each troop will generate:
where: Vm: Maximum speed. XiConvexHull: Coordinates of the centre of the hull of the i th given by VConvex(Pi). dmi: Initial distance from the starting point to the goal. e 0 : Initial energy stored in the batteries.
fPriority-i: Priority function.
The definition of fPriority-i takes into consideration the speed of the group's leader, the remaining distance to the target and the consumed energy. Therefore, if the group is relatively fast compared to other troops, it may be chosen as a priority group. Indeed, the distance plays a role in the strategy choice where the closest group to the goal will get a lower priority compared with groups which are much further from their respective targets. After computing this function for each troop, the priority element Pti is defined as follows: (6) By assigning priority to one troop, it can pursue its displacement task without discontinuous motion. Figure  3 illustrates the three criteria that are used in order to make the priority choice. In this figure, we show a basic illustration of the criteria as translated through the global communication network. Now suppose that two groups are face to face with each other: after computing the priority element, one group goes ahead to its target and the other changes its behaviour -using the method that we will develop below -in order to avoid the groups' collision.
if the group is a priority troop if the group is a non-priority troop
Thus, considering only two groups seems a manageable task, since only one non-priority group is defined. However, what will happen if we consider a more complex scene involving the management of more than two groups? Figure 4 illustrates four groups of mobile micro-robots in a potential congestion situation. Enabling one priority group solves the problem only for that group while it increases the complexity of our task for other troops, which may still face a high risk of congestion. In order to simplify our problem, as assumed before, first we consider that only two groups of micro-robots can encounter each other at a certain interval of time T. In other words, for a given moment we do not consider more than two groups of micro-robots encountering each other at the same time. However, this does not mean that we are not managing a congestion problem for more than two groups of micro-robots. Suppose that multiple groups of micro-robots (Ng > 2) are in a congestion risk situation. After adopting the criteria and choosing a priority group by computing the priority function, only the priority group and the group with the highest priority function (except the priority group) will be able to continue their displacements. In other words, the priority group continues its motion towards the target, the second group will change its behaviour in order to avoid a collision, and the remaining groups will stay in standby mode, waiting until the first risk of congestion is solved. We will call the group that changes its behaviour 'the active group', which has the right to continue its displacement. The active group will be chosen as follows: 
This approach resembles traffic control strategies by applying some rules to the whole population of microrobots and making safe decisions by keeping some members of the population waiting while the risk goes on. In fact, we use this approach as a first trial approach without any special contribution in order to get on with developing our main subject, which deals with the congestion avoidance problem.
Bifurcation Generation
In this section, we consider splitting, which we will rename 'Bifurcation Generation'. When a group of microrobots detects a risk of congestion, this will generate different trajectories, based on chaos equations, to avoid Figure 5 , it is then clear that the system is confined to a certain region, namely the two shells.
In our work, as mentioned before, we consider only the two-dimensional space X-Y. Thus, the coordinates in the Z axis will just be ignored. One of the most important properties of the Lorenz equation is that it has a natural symmetry, defined by (x, y, z) → (-x, -y, z). Since the Lorenz equation is defined as a chaotic equation, where the system evolves differently with a very slight variation of the initial conditions, as a path generator it can lead to inextricable and unpredictable cases and can create more problems rather than solving them. Thus, in order to avoid this in our research, we consider only those shapes that can be generated through the Lorenz equation.
By changing the parameters
of σ in the generated trajectory, we observe that if the value of σ is big enough then we get a long path on the x axis, and vice versa. Thus, by changing the parameter σ, depending on the meeting angle, we can allow some elements of the group to bypass the coming priority group in order to avoid it. Moreover, and concerning the remaining elements, some other rules need to be established, depending on the group's relative positions compared with the coming priority group. Figure 6 shows the variation of the generated trajectories by keeping both r and b constant while changing σ. When the troops face each other, the generated trajectories with a high value for σ for one subgroup and its symmetric pair are compared with the symmetrical line defined by the initial path for the other subgroup, which will be sufficient to bypass the priority group.
However, if troops meet with an encountering α, other cases need to be considered:
The elements of the troop will react like where α = π. In other words, a high value for σ will be chosen and then one subgroup will follow the initial generated path and the other will follow the symmetric path from the initial path, which is compared with the symmetrical line defined by the initial path.
•
The choice of σ will be oriented to a smaller value so as to generate the trajectory of the subgroup, which is on the side of the coming priority group. The value of σ will be smaller if it approaches π/2+Δα or 3π/2-Δα. In addition, the other subgroup will keep using the generated trajectory, like where the troops were facing each other.
In this case, the troops will not bifurcate but will together avoid the group's collision. Depending on the priority group's speed, the non-priority group will surpass the other troop if the global speed of the other troop is relatively slow compared with the generated trajectory as with when the troops were facing each other. If the priority group's speed is relatively high, then the nonpriority troop will bypass the conflict in a criss-cross way through the path generated with low value of σ. 
The choice of σ will be oriented to a smaller value in order to generate the trajectory of the subgroup, which is on the side of the coming priority group. The value of σ will be smaller if α approaches Δα or 3π/2+Δα. Moreover, the other subgroup will keep using the generated trajectory, as with the troops in the first case.
The elements of the troop will react as though α = 0. In other words, σ will take the smallest value where one subgroup will follow the initial generated path while the other will follow the symmetric path from the initial path.
Using the parameter   , the bifurcation of the robots is simplified into two main approaches. The first approach allows the robots to undertake two symmetrical escape routes -not only for a given meeting angle but also for a given range -which will simplify the trajectory generation by computing only one trajectory and calculating its symmetric trajectory. The second approach is defined by two different generated trajectories which require more computations. Therefore, the computation time is reduced by defining an appropriate   through these two approaches. Now, in order to adapt the trajectory for each sub-leader element of the non-priority group, some spatial transformation for this trajectory will be applied, considering the arriving priority group data obtained from VConvex(Pk):
where: ij  : New generated trajectory for the j th leader of the non-priority group i. )) ( ( These paths are concerned with only two pioneer subleaders that compose the head of the flocking part. These two are chosen based on the following: the micro-robots closest to the congestion area and those forming the front of the robot are the sub-leaders.
With regard to the flocking part, we consider each agent as a simple follower using the same control law developed before, but with different sub-leaders. The introduction of the term 'flocking' implies respect for the three rules discussed before. First, the agents have to move in the same direction as their neighbours.
To accomplish this, we replace the bearing angle between the leader and their followers by a reference angle. The second rule implies that they remain close to their neighbours. We keep the desired distance equal to the initial distance between each follower and its respective sub-leader. Finally, the agents must avoid collisions with their neighbours, by equipping each agent with a local collision avoidance ability.
The modified control law is given by:
where: The desired distances between the k th sub-leader and the follower i, j and k are equal to the real distance between these two micro-robots when the congestion avoidance process starts. We will not consider a desired angle between the sub-leader k and the followers i, j and k, but we will use the desired angle between the followers i, j and k and the reference, which is equal to the orientation of the follower at each time t.
The following algorithm in Table 1 shows the proper sequence for avoiding a congestion conflict. Using the algorithm introduced in this table, all the robots are able to reach their respective objective by avoiding the creation of a congested area.
However, in order to ensure the troop's success in reaching its target without the appearance of conflicts, a temporal synchronization needs to be developed for the non-priority troop while the other troop crosses the potential congestion area. To achieve this, we impose on the non-priority group the requirement that it reach the safest zone, which we define as the apogee (peak) of the curve generated with the Lorenz equations, when the priority group passes by the other group. In addition, we allow the non-priority group to exceed its initial velocity to a value that can reach the maximum velocity of the troop while splitting. This maximum velocity is defined in what follows and concerns the path following the control law.
In some cases, only the sub-leader composes a subgroup while other agents safely follow the second sub-leader. This shows clearly that the partitioning does not separate the non-priority troop into equal subgroups but that it still depends upon the posture of each follower before the flocking compared with its relative leader. The followers will only choose the closest sub-leader to flock to in order to get to the safest relative subgroup. However, this still also depends on the initial maintenance approach that we impose. 
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 to the closest r ij micro-robots to the priority group Force remaining agents to choose a sub-leader and start flocking If risk of congestion disappear {Reach target and form the unification} Else ignore congestion risk } End Table 1 . Congestion avoidance algorithm applied in all troops Accordingly, let us introduce the sub-leaders' control law in order to follow the generated trajectories. Constraints exist at different levels of a control system for a mobile micro-robot. At the motor level, the magnitude of voltages and currents are limited, and at a trajectory level the same goes for velocities and accelerations [15] . Since the path following algorithm is a velocity trajectory generator that generates references to the underlying motor controllers, only constraints on the velocities of the micro-robot are considered.
The kinematic model linking the velocities vik and ik with the differentially actuated left and right wheels v Lik and v Rik respectively is denoted as:
where 2b is the given distance between the common axis of the left wheel and the right wheel. Let 
As is known, the micro-robot can move on paths of an arbitrary curvature given by:
Because, in our work, we consider non-holonomic microrobots, we impose a positive value constraint for both the speeds v Lik and v Rik, which implies that the curvature becomes bounded if:
In order to develop the path following control law, we will apply a suitable change of variables, as developed in [15] using the Frenet frame. The sub-leaders' model becomes:
where: Kr: The curvature of the reference path. μ k : The scalar that parameterizes the path ij  .
By considering this change of variables, we adapt the control law developed in [20] in order to follow the generated path, such that the control law becomes:
As indicated, we also allow the non-priority group to exceed its initially-used velocity to a value that can reach the maximum velocity of the troop while splitting. In order to command wheel velocities to the highest possible (positive) linear velocity vik, the following should be satisfied:
This approach is followed only if the splitting requires a fast time of accomplishment due to time constraints. Otherwise the use of such an approach is not completely necessary.
Reaching the Target & Unification
The goal that we impose on micro-robots is that they should reach their respective target by choosing a leader in each subgroup that steers them to the goal. However, if one subgroup stands to meet the other subgroup, both subgroups must have the ability to unify themselves in order to form the initial troop. The unification that we will use was developed in [16] and the goal that we want to reach is to develop an algorithm that divides a group of micro-robots into sets; in each set, a choice for the election of the leader that will steer the other agents to accomplish the displacement task will be performed. Based on this, each micro-robot is outfitted with a virtual proximity area, which can be illustrated as a circle with a fixed radius, as shown in Figure 7 .
Accordingly, if the proximity area of one micro-robot overlaps with another proximity area of another microrobot, these two will be listed in the same set. Applying this process to the entire elements of the group, we can define the number of sets and get the micro-robot membership list. Moreover, in order to illustrate each set as an independent robot, a convex hull defined as a nonambiguous and efficient representation of the required convex shape algorithm is applied in each sub-group to define the envelope of each set. The second step, after defining each sub-group, consists in constructing a list of criteria that allows the sub-groups to choose a leader and reach the unification of the entirety of the divided robots. The number of criteria depends upon the assumptions that we have already made. The distance of the microrobot and its orientation compared with the target are chosen as criteria. Let:
dijk : Distance between the j th agent in the k th subgroup and the target. Illustration of the sets' definitions using overlapping, where the virtual circular boundaries of a robot overlap with those of another robot, these two robots will be included in the same subgroup.
In order to choose the leader, we define a selection factor which depends upon the listed criteria:
where: fij: Selection factor of the j th micro-robot in the i th group. nk: Number of micro-robots in the k th subgroup.
The leader in each sub-group will be that element which has a minimum selection factor compared with the other element's selection factor of the same sub-group. In most cases, the leader in each subgroup will be the leader that has been already been chosen as a sub-leader while bifurcating. Thus, we proposed this method to ensure an efficient leader in the configuration space and also to give the ability to subgroups to reach their target even if the unification is not performed. Sometimes, and depending upon the configuration of the micro-robots, the number of elements in one sub-group can only be one. In this case, we directly set a desired position for this micro-robot to join the initial formation used in the first maintenance part.
Experiments
For the purpose of presenting our experiment, some specifications need to be known:
• The priority group has been chosen offline.
• Due to the delay of the tracking data, the velocity of the troops does not exceed 100mm/s . • Due to Bluetooth connection restrictions, only seven micro-robots are used.
• The initial conditions of the Lorenz equations are:
• The range of σ is, in other words, if α = 0 → σ will tend to 0 and if α = π → σ = 30.
• The radius Rg used to detect the risk of congestion using a virtual circle overlapping technique is equal to 300mm.
To establish our experiment, we developed some algorithms that allow the e-puck [26] to calculate its position through odometry, to have a local collision avoidance ability using data from proximity sensors, and also to reach a defined target using the proportional control law. A formation control algorithm has also been developed to challenge both maintenance and reaching the target in order to keep a structured troop formation. The basic assumptions used to establish the experiment are: 1. All of the micro-robots are considered to be nonholonomic robots. 2. The position and the orientation of each microrobot is known at any time t. 3. We assume that only two troops can meet with each other at a certain time, and any case when more than two troops meet each other will not be considered. 4. Each micro-robot is already equipped with a local collision avoidance algorithm.
First scenario: Micro-Robots are facing each other.
In this case, both the proposed method and that presented in [1] are exposed. As has already been proven in [1] , the congestion problem is totally solved by the coordinated method, except that the micro-robot troops must have an equal velocity in order to ensure coordination. . From left to right, the sequence of congestion avoidance using the coordinated method. From t1 to t3, the maintenance step, from t4 to t6, the coordination step, and finally the step for reaching the target at t7 and t8. Figure 8 shows the sequence of congestion avoidance using the coordination method. The same scenario is solved using our proposed method and the results are presented in Figure 9 . Since the troops are facing each other, we considered a meeting angle α close to π which implies a trajectory generated using a σ = 30. Bifurcation, from t9 to t12 → Unification and reaching the target.
The choice of the sub-leaders follows the rules whereby the two elements closest to the potential congested area are chosen directly as sub-leaders while the remaining elements flock relatively to one of these sub-leaders.
Second scenario: Null encountering angle α.
In this case, a low value of σ is used to generate the path. As indicated before, depending upon the prompt appearance of the congestion risk, the Vm developed in the path following path can be used to ensure a fast bottlenecking. This method has been used in this case where micro-robots were splitting in order to reach their maximum speed and to leave the way free for the priority group. Figure 10 shows the sequence of experimental results. . From left to right, the congestion avoidance sequence when the encountered angle α is close to 0. All of the maintenance, bifurcation, reaching the target and unification steps are fully accomplished. From t1 to t2, the maintenance step, from t3 to t6, the coordination step and, finally, the unification and target reaching step, in t7 and t8.
Third scenario: Encountering angle α = 5π/4.
The meeting angle is estimated using the data of the convex hull of both troops after detecting the risk of congestion. In this situation, the generated trajectories lose their symmetry but adapt the path for a suitable avoidance of the incoming priority group. Figure 11 shows the congestion avoidance sequence relative to this case. . From left to right, the congestion avoidance sequence when the encountered angle α = 5π/4. All of the maintenance, bifurcation, reaching the target and unification steps are fully accomplished. From t1 to t2, the maintenance step, from t3 to t6, the coordination step and, finally, the unification and target reaching step, in t7 and t8. The value of σ was computed offline so as to rapidly get the trajectories parameterization data.
Conclusion
In this paper, we presented a new approach to avoid the problem of congestion when the troops of micro-robots meeting in a common area cause complex situations. The proposed algorithm was inspired from the behaviour of schools of fish in both natural and risky situations. As such, the problem of avoiding such conflict was solved by noticing that, in a risky situation, the members of some schools of fish undertake various paths while the remaining members simply flock by following other entities. Using this concept, the problem was simplified by selecting a priority group using certain criteria that maintains its initial displacement while providing the ability to the other troop to follow that behaviour which can be recognized in some schooling populations.
To reach our goal, we had to prepare a global and a local communication network that would reduce the data exchanged between the micro-robots and which would also anticipate the congestion by detecting its occurrence through a simple method. The bifurcation part, which uses the Lorenz equation, provides the micro-robots with the ability to deviate their displacement and divide their configuration into two subgroups, depending upon the troops' estimated meeting angle. By generating two paths, two sub-leaders from the non-priority troop come along the paths using a path following control law, while the remaining micro-robots of the same troop flock relatively to a chosen sub-leader. Finally, when the risk of congestion disappears, this same troop reconsiders its initial goal to reach its target while giving to the microrobots the ability to reunify in their initial configuration. A series of experiments confirms the validity of our proposed method and some comparisons with other, existing methods were also performed.
